The mechanism of adhesion of Lactobacillus fermentum strain 737 to mouse stomach squamous epithelium was investigated. Adhesion inhibition tests involving chelators, monosaccharides, periodate and concanavalin A and the use of bacteria grown in the presence of tunicamycin failed to clarify the adhesive mechanism. Washed bacterial cells had reduced adhesive capacity, except in the presence of spent broth culture supernatant fraction or cell washings. Spent culture supernatant fractions of erythrosine-supplemented broth did not enhance adhesion of washed cells. The adhesion-promoting factor(s) in the spent broth culture supernatant fractions and cell washings bound to both bacterial and epithelial cell surfaces, but did not promote adhesion of two other Lactobacillus strains which were not of mouse origin, thereby indicating host specificity for the adhesion-promoting activity. Chemical characteristics of the adhesionpromoting factor were determined by pretreatment of the dialysis retentate of spent broth culture supernatant fractions with proteolytic enzymes, concanavalin A-Sepharose or periodate before the adhesion assay. The adhesin was non-dialysable, pronase-sensitive, heat sensitive at 100 "C, had no affinity for concanavalin A-Sepharose and contained no carbohydrate groups active in the adhesion process. The protein profiles of dialysis retentates of spent broth culture supernatant fractions after bacterial growth in the absence and presence of erythrosine were determined by 2-dimensional SDS-PAGE. Gel filtration by HPLC was used for purification of an adhesion-promoting fraction. The host-specific adhesion of L. fermenturn strain 737 was mediated by a protein, with an M , of 12-13000, that was not detectable in cells grown in the presence of erythrosine. A model for the mode of binding of the adhesin to host epithelia and bacterial surfaces is proposed.
components. Subsequently, Savage (1 984) suggested that this adhesion may involve several extracellular components. Sherman (3r. Savage (1 986) suggested a correlation between lipoteichoic acid and adhesion to rodent tissue. This team succeeded in transferring colonization capacity into non-colonizing strains by transformation of DNA from an adhesive strain (McCarthy et al., 1988) . Conway & Adams (1989) (preceding paper) demonstrated that addition of the red food colour erythrosine to the growth medium inhibited production of the bacterial component which mediated adhesion without affecting production of extracellular polysaccharide. The aim of the work presented here was to utilize the inhibition of expression of the adhesive factor(s) by erythrosine to study the mechanism of adhesion of Lactobacillus fermenturn to squamous epithelium in the stomach of the mouse.
M E T H O D S
Bacterial strains and culture conditions. L. jermcwtum 737 was isolated from mouse non-secreting stomach tissue (Conway & Adams, 1989) . L. fermenturn strain 737A was selected following the transfer of strain 737 at least 30 times in MRS broth (Oxoid) which induced a loss in adhesive capacity. L. fermenturn strain 6991 was a gift from Professor A. Wicken, School of Microbiology, University of New South Wales, Australia, and was originally isolated from the human oral cavity. Lactobacillus acidophilus strain ADH, which was isolated from a human, was a gift from Dr T. R. Klaenhammer, Department of Food Science, North Carolina State University, USA. It adhered well to human and pig ileal cells (Conway et al., 1987) . Strains were maintained at -20 "C in 15% (v/v) glycerol with reserve stocks in a freeze-dried state.
All cultures were incubated anaerobically at 37 "C and inocula were prepared as previously described (Conway & Adams, 1989) . Cultures were grown in Brain Heart Infusion broth or on agar (BHI; Oxoid), Luctobacillus MRS broth (MRS; Oxoid), the defined medium LDM-11 (according to Kotarski & Savage, 1979 , except that Tween 80 was not included) and an MRS diffusate broth. The MRS diffusate broth (A. Wicken, personal communication) was prepared in order to produce a medium in which all constituents would pass through a dialysis membrane with a M , 6000-8000 cut-off (Spectrum Medical Industries). This was achieved by collecting the diffusate from a dialysis sack containing a concentrated solution of MRS broth (55 g powder per 100 ml water) and then diluting the diffusate to 1 litre with Milli-Q water (Millipore; double-distilled, deionized, passed through a carbon filter). This MRS diffusate broth and the BHI broth were supplemented with 2% (w/v) glucose and filter-sterilized (0-20 pm ; Nuclepore). Erythrosine (2,4,5,7-tetraiodofluorescein, disodium salt) was a food-grade preparation (Edicol erythrosine; ICI Australia) and was included in the growth media, when specified, at concentrations of 0.05 and 0.1 % (w/v). For adhesion studies using radioactively labelled bacteria, [methyl, 1',2'-3H]thymidine (Amersham), specific activity 117 Ci mmol-l (4.33 TBq mmol-l) was added to the various media to give a final concentration of 10 pCi ml-1 (37 MBq ml-I).
In tiitro adhesion assay. Gastric epithelia were collected from BalbC mice as previously described (Conway & Adams, 1989) . The bacteria were harvested from growth media and washed in PBS according to Conway & Adams (1989) . The final bacterial pellet was resuspended in 1 ml PBS prior to dilution, as detailed below, to give an OD,,, of 1.0. The bacterial suspensions in the various diluents were allowed to equilibrate at 5 "C for 15 min before being used in the adhesion assay. For studies using radioactively labelled bacteria, the number of bacteria per ml was determined using a microcomputerized Elzone ADC 80XY particle counter with a 12 pm orifice tube and a chart recorder. PBS was used as both the diluent and the internal fluid.
The adhesion assay was done by incubating the tissue pieces in the bacterial suspensions. The tissue pieces were subsequently washed according to Conway & Adams (1989) . The degree of adhesion was monitored by either scanning electron microscopy (Adams & Conway, 1981) or by determination of the number of radioactively labelled bacteria per mg wet wt of tissue. For the latter method, washed tissue pieces were individually weighed and then digested in glass scintillation vials using perchloric acid and hydrogen peroxide (Kotarski & Savage, 1979) . Aquassure (Amersham) scintillation fluid (5.5 ml) was added to the digested tissue and to bacterial control solutions. The radioactivity of each sample was measured using a Packard liquid scintillation counter. For comparison of various treatments, an adhesion index was calculated as the percentage of the ratio of the number of bacteria adhering per mg of tissue to the maximum number of adhering bacteria within the study or the number of bacteria adhering in the control (Fuller, 1975) .
Leakage of the radioactive label from the bacterial cells and uptake of that label by the tissue was measured by sampling the PBS diluent of the bacterial suspension at the beginning and end of the 30 min incubation time and by incubating additional tissue pieces with this material. The radioactivity of the PBS diluent supernatants and the tissue pieces was determined, as well as the loss of the label from the cells and the uptake by the tissue.
Test for inhibition of adhesion to mouse stomach epithelium. L. jermentum strain 737 was grown in BHI broth containing 2% (w/v) glucose and [3H]thymidine (10 pCi ml-l). The potential inhibitors were added to the diluent used in the in uitro adhesion assay. The compounds were added separately to yield final concentrations of 0.1 1 Mmannose, 0.12 M-D-fucose, 3.6 mM-CaCl,, 2.5 mM-Na,EDTA, 2.5 mM-EGTA, 0.2 mg concanavalin A (Sigma) per ml of assay mixture and 47 mM-sodium metaperiodate. The effect of tunicamycin (1 pg ml-l) was tested by addition to the growth medium.
Addition of untreated and treated culture supernatant fractions to the adhesion assay. Washed cell suspensions of L. jermentum strain 737A, which were not radioactively labelled, were diluted with either uninoculated BHI broth or spent BHI broth culture supernatant fraction after growth of L. fermenturn strains 737 and 737A and removal of the cells by centrifugation. In addition, the strain 737 culture supernatant fraction and uninoculated BHI broth were dialysed against Milli-Q water using dialysis tubing with an M , 600&8000 cut-off. The BHI broth and spent BHI broth culture supernatant fractions, before and after heating at 100 "C, were also used as diluents in the adhesion assay. To ascertain the specificity of any substances in the culture supernatant fraction, washed bacterial suspensions of L . acidophilus strain ADH and of L. fermenturn strain 6991 grown in BHI broth were similarly pretreated with BHI broth culture supernatant fraction from L. fermentum strain 737 and tested for adhesion capacity. The adhesion was monitored by scanning electron microscopy.
Cell suspensions of BHI-broth-grown and 3H-labelled cells were washed in PBS and the second wash solution was collected and used as a diluent for the cells. The dialysis retentates of culture supernatant fractions of strain 737 after growth in either MRS broth, LDM-I1 defined medium, BHI broth, or BHI broth containing 0.1% erythrosine were also used as diluents. Tissue pieces were also pretreated with either uninoculated medium or strain 737 culture supernatant fraction prior to the adhesion assay. In addition, washed L. fermentum cells grown in LDM-I1 defined medium were pretreated with 0-200 p1 of the dialysis retentate of spent culture supernatant fraction of LDM-I1 defined medium per ml PBS and then tested for adhesion. The numbers of adhering bacteria were enumerated by measuring the radioactive label.
To characterize the adhesion-promoting material in the culture supernatant fractions, the dialysis retentates of uninoculated media and of corresponding spent culture supernatant fractions of BHI, LDM-I1 and MRS diffusate broths after growth of L. fermentum strain 737, were pretreated with various compounds prior to being used as diluents in the in aitro adhesion assay. L. fermentum strain 737 cells, grown in BHI broth containing [3H]thymidine were washed in PBS and tested for adhesive capacity in the presence of treated dialysis retentates of broth and spent culture supernatant fractions. The dialysis retentates were prepared using Milli-Q water and had a final pH in the range 6.8-7.0.
A mini-column containing 2 ml concanavalin A-Sepharose (Pharmacia) was prepared and washed with potassium phosphate buffer (PB ; pH 7-2,O.l M). Aliquots (4 ml) of dialysis retentates of broths and of spent culture supernatant fractions were individually passed through the column and the eluates collected. Remaining unbound material was eluted from the column with PB and these washings were then pooled with the respective eluates. Sodium metaperiodate (47 mM) was added to dialysis retentates of broth and spent culture supernatant fractions ; after 30 min at 20 "C, ethylene glycol (2%, v/v) was added to stop the reaction. The mixture was then dialysed against Milli-Q water to remove excess periodate. As a control, ethylene glycol was also included in non-periodatetreated samples. Pronase (2 mg ml-l; Calbiochem) and trypsin (2 mg ml-t ; Sigma) were added individually to dialysis retentates and spent culture supernatant fractions and the mixtures were incubated at 37 "C for 1 h. When these solutions were used as diluents for the bacterial suspensions in the adhesion assay, all procedures were done on ice. EGTA (1.5 mM) was similarly added to dialysis retentates of broth and of spent culture supernatant fractions from LDM-I1 defined medium prior to the adhesion assay. Tunicamycin (1 pg ml-l) was added to MRS diffusate broth before growth of L. fermentum strain 737 and then the dialysis retentate of the spent culture supernatant fraction was tested for the presence of the adhesion-promoting activity.
PuriJicarion of the adhesion-promoting material. All concentration procedures were done on dialysis retentates of both broth LDM-I1 and MRS diffusate and of their corresponding spent culture supernatant fractions after growth of L. fermenturn strain 737. Samples were stored at -20 "C and aliquots were thawed immediately prior to testing. Samples were concentrated by both freeze-drying and precipitation with acetone. For the latter process, the samples were held in an ice-bath adjusted to -21 "C (by adding 33 g NaCl to 100 g ice) and an equal volume of prechilled acetone was added while stirring. After an additional 10 min of continuous stirring, the mixture was centrifuged at lOOOOg. The pellet was collected and stored over silica gel until dry.
The protein profiles of the filtered (0.2 pm; Nuclepore), dried concentrates of dialysis retentates of LDM-I1 broth and of spent LDM-I1 culture supernatant fraction were analysed by 2-dimensional SDS-PAGE with the first dimension being isoelectric focusing and visualized by silver staining according to Jouper-Jaan et al. (1987) . The concentrates were diluted in Milli-Q water to yield protein concentrations of 0-24.3 nig ml-l (measured according to Whitaker & Garnum, 1980) , diluted with an equal volume of lysis buffer which contained 9.5 M-urea, 2% (w/v) Nonidet P-40, 5% (w/v) 2-mercaptoethanol, 1.6% (w/v) Ampholine pH range 5-7 (LKB), 0.4% Ampholine pH range 3.5-10. A 40p1 sample of this mixture was added per gel.
The same samples were also subjected to affinity chromatography on a bed of concanavalin A-Sepharose and the non-retained material examined by 2-dimensional SDS-PAGE as above. The dialysis retentate of spent culture supernatant fraction from growth of L. fermenturn strain 737 in LDM-11 broth containing 0.1 % erythrosine was also analysed by 2-dimensional SDS-PAGE. Additional gels were stained using the Schiff-periodic acid reaction (Sigma kit) to detect carbohydrate groups on glycoproteins.
Dialysis retentates of both broth and spent culture Supernatant fractions were fractionated using an LKB HPLC system with an LKB 21250 pump, an LKB 21 52 controller and an LKB 2151 wavelength monitor. The pre-column was an UltraPac-TSK-GSWP (7.5 x 75 mm) and the main column an UltraPac TSK-G3000 SW, TP 5000, gel filtration column (7.5 x 3000 mm) with an M , range of 100&300000. An anionic column, UltraPac TSK DEAE-5 PW (7.5 x 75 mm), was also used. The buffer was 10 mM-Tris/HCl, pH 7.5, containing 1 M-glycerol and 0.05% sodium azide and the flow rate through the gel filtration column was 0.5 ml min-'. For the anionic column, the gradient programme was as follows: 0-10 ml, Tris buffer as above; 10-20 ml, 0-0.5 M-NaCI; 20-22 ml; 0.5-1.37 M-NaCl; 22-26 ml, rinse with 1.37 M-NaC1; 26-35 ml, Tris buffer.
Fractions corresponding to the individual protein peaks were collected manually according to the individual peaks and the collection points annotated on the chromatogram. The pooled fractions were assayed for adhesionpromoting activity using washed, radioactively labelled cells of L. fermenturn strain 737 that had been grown in BHI broth. The M , of the adhesion-promoting material was estimated using the M , standards kit for both highand low-M, compounds (Pharmacia). The standards and purified adhesion-promoting factor (stored at -20 "C) were fractionated using the HPLC system as for the dialysis retentates of broth and spent culture supernatant fraction. The M , values were estimated from a plot of log M , against Kay.
RESULTS

Inhibition of adhesion to mouse stomach epithelium
Varying degrees of inhibition of Lactobacillus adhesion to mouse stomach squamous epithelium were observed when mannose, D-fucose, EDTA, concanavalin A and periodate were included just before the assay. EGTA had little effect, but CaC1, promoted binding (Table 1) . Cells grown in the presence of tunicamycin were unchanged in their adhesion capacity (data not shown).
Adhesion-promoting activity of the culture supernatant fractions PBS-washed cells of BHI-agar-grown, but not of BHI-broth-grown L. fermenturn strain 737A bound to stomach epithelial pieces. Adhesion was restored, however, when washed BHI-brothgrowth cells were pretreated with culture supernatant fractions from the growth of L. fermenturn strains 737 and 737A in BHI broth (Table 2) . Dialysed, but not heat-treated, culture supernatant fractions also restored binding. This promotion of adhesion in the presence of culture supernatant fraction did not occur with the other Lactobacillus strains tested.
The adhesion of washed BHI-broth-grown L. fermenturn strain 737 was enhanced by about 50 % when bacteria were pretreated with dialysis retentates of spent culture supernatant fractions from the growth of this strain in BHI, MRS diffusate and LDM-I1 broths, or with the PBS in which the bacteria were washed (Table 3 ). In addition, pretreatment of the tissue surface with the dialysis retentate of spent BHI culture supernatant fractions also enhanced adhesion. This effect was not seen when the bacteria were also pretreated with BHI dialysis retentate. However, the dialysis retentate of spent culture supernatant fractions from growth of strain 737 in BHI broth containing erythrosine did not enhance binding. When washed cells of L. fermenturn strain 737, grown in LDM-I1 broth, were pretreated with buffer containing 0-200 pl of dialysis retentate of LDM-I1 spent culture supernatant fraction per ml of buffer, enhancement of adhesion was directly proportional to the amount of dialysis retentate used with both 1 x lo3 and 1.4 x lo4 bacteria per mg wet wt of tissue. From the control experiments using bacterial cells labelled with Ij3H]thymidine, it was shown that the mean loss of label from the bacterial cells when resuspended in PBS was 4.9 & 2.2% and over the 30 min incubation period this increased by 1.1 f 0.5%. This confirmed that leakage of label from the cells during the course of the experiment was low and would not influence estimation of the number of adhering bacteria by measuring the radioactivity bound to the epithelial tissue. t Dialysis of BHI broth and spent culture supernatant fraction against Milli-Q water using dialysis tubing with an M, cut-off of 600&8000.
$ Both BHI and spent culture supernatant fraction were heat-treated.
Characteristics of the adhesion-promoting factor(s) in dialysis retentates of spent culture supernatant fractions The passage of dialysis retentates of broth or of the spent BHI culture supernatant fraction through the concanavalin A-Sepharose gel bed did not alter the adhesion-promoting activity of ? After pretreatment, the dialysis retentate of the spent culture supernatant fraction was either allowed to remain in the in uirro assay or was washed away with PBS as indicated. 6 Significantly different from the maximum value (P < 0.01) using Student's t-test.
either (Table 4) . Similarly, pretreatment of the spent broth dialysis retentates with periodate (Table 4) or EGTA (data not shown) had no effect on the adhesion-promoting activity. The adhesion-promoting activity was destroyed by the action of pronase (Table 4) and partially inactivated by trypsin (38.8 %of that obtained for pronase). The activity remained unchanged in the dialysis retentate of spent MRS diffusate broth culture supernatant fraction after growth of strain 737 in the presence of tunicamycin (data not shown). Preliminary experiments using pronase-treated dialysis retentate of MRS diffusate broth culture supernatant fraction were done at room temperature. Under these experimental conditions the pronase remained active and the tissue epithelium was partially damaged during the course of the adhesion assay. However, when the adhesion assay mixture was incubated on ice, the control values for the adhesion index remained about 50% (Table 4) in the absence or presence of pronase. The 2-dimensional gel electrophoresis of dialysis retentate of LDM-I1 broth showed that it was free of polypeptides ( Fig. 1 a) , whereas that of the spent culture supernatant fraction of L. fermentum strain 737 contained several proteins (Fig. lb) , all of which appeared to be eluted from the concanavalin A-Sepharose column (Fig. 1 c) . The additional low M , spots (marked with an arrowhead in Fig. l c ) were consistent with the material eluted from the concanavalin A-Sepharose column by the buffer alone (data not shown). Only two of the proteins in the dialysis retentate of spent LDM-I1 culture supernatant fraction (marked with t The dialysis retentate of culture supernatant fraction was passed through a concanavalin A-Sepharose column
and the eluate collected and tested. $ Sodium metaperiodate was added to the dialysis retentate and after 30 min at 20 "C, ethylene glycol (2%, v/v) was added to stop the reaction. The mixture was then dialysed to remove excess periodate.
0 Ethylene glycol (2%, v/v) was added to the dialysis retentate as a control for the periodate test. 11 Pronase (2 mg ml-l) was added to the diffusates and the mixture incubated for 1 h at 37 "C. The bacterial suspensions in these diffusates were kept on ice and the adhesion assay done on ice to prevent further action of the pronase. Controls were also kept on ice. circles) were detected in the dialysis retentate of spent LDM-I1 culture supernatant fractions containing 0.1 % erythrosine (Fig. 1 d) . No carbohydrate-containing proteins were detected using the Schiff-periodic acid stain. This may be due to the insensitivity of the stain for the small quantity of sample on the gel.
HPLC fractionation of concentrates of dialysis retentates of spent culture supernatant fractions Fractionation of the dialysis retentate of spent culture supernatant fractions of LDM-I1 and MRS diffusate broth that had been stored at -20 "C or concentrated by freeze-drying consistently yielded an adhesion-promoting fraction with the same retention time on the gel filtration column in the HPLC system (Fig. 2a) . A similar peak was detected in the bacterial cell washings (data not shown). The fraction which contained the adhesion-promoting activity was then passed through the HPLC gel filtration column again to remove contaminating material as one passage through such a gel filtration column was inadequate to yield a pure fraction. This second passage yielded a high-M, (> 90000) component which contained some activity and three others with retention times very similar to the active fraction (Fig. 2a) , thus confirming that the active peak in Fig. 2(a) was not pure. These later peaks generated from the second passage were tested for activity and pooled positive fractions from several runs were again passed through the gel filtration column to determine purity (Fig. 2 b) . After the second passage through the column, a single peak was obtained with an M , of about 12-13000. This material showed no interaction with an HPLC anionic column as it was eluted before the commencement of the NaCl gradient. 
P . L . CONWAY A N D S . K J E L L E B E R
DISCUSSION
The addition of various potential inhibitors to either the growth medium, the adhesion assay diluent or to the diluent prior to the assay failed to clarify the mechanism of adhesion as no definite trend was detectable. Although mannose and D-fucose have been implicated in inhibiting some adhesion systems, the limited inhibition herein suggests that these compounds do not function as the receptors. The reduction of adhesion by EDTA implies that there is some divalent cation bridging which probably does not involve calcium because EGTA, which is specific for calcium (Turakhia et al., 1983) , did not reduce binding. Suegara et al. (1975) showed no effects of EDTA on adhesion of L.fermentum to rat tissue and Fuller (1975) found no effect of EDTA on adhesion of L. acidophilus to chicken tissue. Cation-enhanced adhesion of lactobacilli to cell monolayers has been demonstrated to be distinct from adhesion in the absence of the cations (Kleeman & Klaenhammer, 1982) and is consistent with the enhanced adhesion in the presence of calcium herein (Table 1 ). The reduction of adhesion in the presence of cancanavalin A is consistent with studies using chicken crop tissue whereas the inhibition by periodate is low compared to that reported by Fuller (1975) . This may be due to the lower activity of periodate at pH 7, to the longer incubation time of 4 h compared to 0.5 h in this study, or to the possibility that the carbohydrate groups are not solely responsible for adhesion to rodent epithelium as suggested by other studies (Suegara et al., 1975; Conway & Adams, 1989) .
The culture supernatant fraction of both L. fermenturn strains 737 and 737A had adhesionpromoting activity, indicating that L. fermenturn strain 737A maintained the capacity to produce an adhesive component, although it failed to retain it on the bacterial cell when grown in broth. The presence of a surface may trigger the bacterial cell to retain the adhesin on its surface as demonstrated here by growth on the agar surface.
The heat-sensitive, non-diffusable adhesion-promoting component in the culture supernatant fraction was specific for L.ferrnenturn strains 737 and 737A. This is consistent with other studies which demonstrate the host specificity of adhesion of Lactobacillus spp. to chicken and rodent gastric epithelia (Fuller, 1973; Suegara t't al., 1975; Lin & Savage, 1984) . Because adhesion of bacteria to mouse stomach epithelium was enhanced proportionally to the amount of the adhesion-promoting material added, it may be that adhesion is mediated by multiple binding sites on the bacterial cell surface. The adhesion-promoting factor could bind to either bacterial or epithelial surfaces. However, washing epithelium containing bound adhesin caused a reduction in binding. This may occur because receptors are also removed by the washing step. The fact that adhesion-promoting material was demonstrable in the dialysis retentates of spent culture supernatant fractions of all media including MRS diffusate broth, but with the exception of BHI broth containing erythrosine, supports the earlier concept that the bacteria produce an adhesion-promoting factor and that erythrosine inhibits the expression of this factor (Conway & Adams, 1989) .
The characterization of the adhesion-promoting determinant was simplified because the culture supernatant fraction contained this factor. Other studies directed at identification of adhesins on lactobacilli have involved treating whole bacterial cells with the various agents (e.g. Fuller, 1975; Suegara et al., 1975) . Because of the complexity of the bacterial cell surface, it is difficult to distinguish between an indirect or a direct effect of various treatments on the adhesive determinants, as discussed by Fuller (1979, who showed that pepsin treatment released material from the bacterial surface which had an affinity for concanavalin A. The results of treating whole cells of L.ferrnenturn strain 737 or the dialysis retentate of spent culture supernatant fractions with the various compounds before the assay illustrate this problem. Although the reduction of adhesion by concanavalin A and periodate treatments (Table 1) implies that carbohydrate groups play an active role in binding, the adhesion-promoting factor had no affinity for the immobilized lectin and was not affected by periodate ( Table 4 ). The bacterial cell surface therefore contained groups with an affinity for the lectin which has a specificity for glucose, mannose, fructose or arabinose moieties with the alpha anomeric configuration (Sharon & Lis, 1972) . However, it is possible that Lactobacillus attachment may not utilize the groups with which the lectin reacted, but rather that steric hindrance by the concanavalin A here and when used by Fuller (1975) may have inhibited adhesion. Although the periodate was not as active in reducing adhesion of bacteria as reported by others, no reduction in adhesion was noted when the dialysis retentates of spent culture supernatant fractions were similarly treated. This confirmed that the action of periodate on whole cells was not oxidizing the adhesion-promoting factor.
The fact that cells still adhered and that. the adhesion-promoting factor could be detected in the culture supernatant fraction after growth in the presence of tunicamycin suggests that adhesion was not mediated by a carbohydrate moiety, because this compound inhibits the formation of glycoproteins in some and most probably a wide range of systems (Elbein, 1981) . The complete inactivation of the adhesion-promoting factor by pronase, and its partial inactivation by trypsin demonstrated its proteinaceous nature. 2-Dimensional gel electrophoresis confirmed the presence in the dialysis retentate of spent culture supernatant fraction of proteins which passed through the concanavalin A-Sepharose column and which were not present when erythrosine was included nn the growth medium. Some evidence has been presented by other workers that a protein moiety may be involved, as adhesion to chicken epithelium was reduced by trypsin and by pepsin (Fuller, 1975) while adhesion to pig tissue was reduced by protease (Barrow et al., 1980) . Similarly, the work of Suegara et al. (1975) could be anticipated that the bacterium would have exposed protein moieties. Adhesion of L. fermenturn strain 737 appears to involve a protein, M , 12-1 3 000 which is not anionically charged and contains no active carbohydrate groups as well as no passive groups with an affinity for concanavalin A. As activity was also detected in a high-M, fraction it is probable that the adhesin also aggregates with itself or other compounds.
A model is proposed (Fig. 3) to explain the location and action of the putative adhesive protein of L.fermentum strain 737. An in vitro assay, as illustrated in Fig. 3 (c-e) , characterization of the adhesin was possible because the adhesin could be -separated from the cells and subsequently used after various pretreatments directed towards destroying its adhesive activity. The Lactobacillus adhesin in the model is illustrated as having different terminal structures at each end. However, neither this model structure nor the location of the protein within the bacterial cell wall can be confirmed from the present data. At this cell-wall site, complexes may occur which could explain the suggestions of others on the complexity of binding (Suegara et a/., 1975; Sherman & Savage, 1986 ; Wadstrom et a / . , 1987).
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